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A method for  the computation of a vortex type dust collecting appara tus  is proposed.  

The construct ion of a vor tex type dust collecting appara tus  was proposed  in [1] rea l iz ing  g rea t  poten-  
t ia l i t ies  of dry  mechanical  methods of purif icat ion of gases .  The model of the appara tus  was invest igated 
quite careful ly  [2-4] and it was es tabl i shed that in this appara tus  dust pa r t i c l e s  l a r g e r  than 5 pm a re  caught 
complete ly  and the overa l l  eff iciency reaches  99.3-99.7%. The apparatus  passed  the industrial  t e s t  and is 
in operat ion [5]. 

Unfortunately, as yet  there a re  no techniques avai lable  for the computation of such an appara tus  and 
the p resen t  work is an a t tempt  in this direct ion.  

The construct ion of the vortex type dust collecting appara tus  is shown schemat ica l ly  in Fig. 1. The 
gas containing dust is led through a gas tube 1 to a vane swi r l e r  2, cur ls  around and a r r i v e s  in the o p e r a t -  
ing cavity of the appara tus .  Under the action of the centr i fugal  forces  the dust pa r t i c l e s  move to the p e r i -  
pheral  l aye r s ,  which is apprec iab ly  faci l i tated by the cowl 3. A gas (clean or contaminated without any 
p re fe rence)  is fed into the e jec to r  4 tangentially to the cyl indrical  f r ame  of the appara tus .  The je t  of the 
secondary gas  he lps  to make the p r i m a r y  s t r eam curl around; being di rec ted  at an angle to the genera t r ix  
of the f r ame  it s imultaneously blows away the per iphera l  l a y e r s  of the gas  sa tura tedwith  dust into the bin 5, 
where  the dust is collected. A washer  6 is placed at  the exit  f rom the appara tus .  

We shall f i r s t  de te rmine  the veloci ty  fields in the operat ing cavity of the appara tus .  We a s sume  that 
the flow is l amina r  everywhere .  Aiming at a qualitative descr ipt ion of the flow pat tern  in the appara tus  we 
r e p r e s e n t  it as the sum of the following three  flows: the rotat ional  flow of the fluid in the cylinder above 
the fixed base ,  the flow of the fluid near  the rotat ing disc,  and the a x i s y m m e t r i c  flow of the gas along the 
appara tus .  We as sume  that in the p resen t  case the operat ing substance is the gas  to be cleaned, a viscous 
incompress ib le  fluid. 

The f i r s t  flow cor responds  to veloci ty fields that a re  in s teady state if the secondary  gas  is blown 
tangential ly into a closed cyl indrical  container.  The second flow will re f lec t  the effect  of the solid rotat ing 
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Fig. 1. Schematic  d iagram of 
vor tex type dust collecting ap -  
para tus :  1) gas pipe; 2) vane 
swir le r ;  3) cowl; 4) e jector ;  
5) dust bin; 6) washer .  
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d i s c  on the v i s cous  g a s ,  a s  the d i s c  wi l l  i m p a r t  r o t a t i o n a l  mot ion  to the f lu id .  
We should  note the  f ac t  tha t  in r e a l i t y  the  r o t a t i o n a l  mot ion  of the  gas  wi l l  r e -  
su l t  not only  f r o m  the v i s c o u s  f r i c t i o n ,  but  a l s o  due to the m o m e n t u m  of the gas  

j e t s  a d m i x i n g  with the flow; t h e r e f o r e ,  in o r d e r  to e s t i m a t e  the e f fec t  of the 
vane s w i r l e r  c o r r e c t l y  it w i l l  be n e c e s s a r y  to in t roduce  an e q u i v a l e n t  v i s c o s i t y  
coe f f i c i en t  in the d e t e r m i n a t i o n  of v e l o c i t y  and t e m p e r a t u r e  f i e ld s  of the s econd  
f low. F i n a l l y ,  the t h i r d  f low c o r r e s p o n d s  to the d i s c h a r g e  of the o p e r a t i n g  gas  
t h rough  the a p p a r a t u s  a s  if t h e r e  was  no e f fec t  on the flow. 

In the p r e s e n c e  of  hea t  t r a n s f e r  the f i r s t  f low is d e s c r i b e d  by the f o l l o w -  

ing equa t i ons :  
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In a s e l f - s i m i l a r  r e g i o n  of flow we s h a l l  s e e k  the so lu t ion  of th is  s y s t e m  of equa t ions  unde r  the boun-  

d a r y  cond i t ions  

u=O;  v = O ;  w = O ;  T = T  0 for z = O ;  

u = 0 ;  v = r ~ ;  7 " : T i ;  P = P o  for z = c e  

in the f o r m  

ul = r~ (~i); v, : r%G (~i); wl = V i %% Hi (~i); (7) 

TI = rT1 (~i); p = r%p ]/-Vl% P, 

w h e r e  ~1 =z~w~/v~  is  the new d i m e n s i o n l e s s  c o o r d i n a t e .  

A f t e r  subs t i t u t i ng  (7) into the s y s t e m  of e q u a t i o n s  (1)-(5) we obta in  the fo l lowing  s y s t e m  of e q u a t i o n s  
in t o t a l  d e r i v a t i v e s  fo r  d e t e r m i n i n g  the f ive unknown p a r a m e t e r s :  

F~ +P;m--a~--F'+ i =0; 
2FiG 1 + HIG~ - -  G]' : 0; 

2& + I4; =0; (s) 

p; + H1HI-- H" =0; 

T~ - -  H1 Pr TI - -  F1 Pr T, = 0 

wi th  the b o u n d a r y  cond i t ions  

F~ = 0; G i =0;  H 1 =0;  Ti = To; Z~ =C-P0 for ~ = 0; 

_ F  i : 0 ;  O 1 : I; P i  ~--- i; T 1 = T o for ~ = co. 

P r  is the P r a n d t l  n u m b e r .  

(9) 

The s y s t e m  of equa t ions  (8) is so lved  n u m e r i c a l l y  and the va lues  of the r e q u i r e d  func t ions  a r e  p r e -  
s en t ed  g r a p h i c a l l y  in Fig .  2. 

The s e c o n d  flow is d e s c r i b e d  by the s a m e  equa t ions  a s  the f i r s t ,  on ly  the b o u n d a r y  cond i t ions  a r e  
d i f f e r e n t :  
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Fig. 3. Dependence Of 
the functions F2, G2, and 
H~ on ~ .  

F~=0;  62=1; H~=0; T~=T0; P r = P 0  for ~ 0 ;  (10) 

F~=0; G~=0; T~=I ;  P o = l  for ~ = o o .  

The sys tem of equations (1)-(5) with boundary conditions (10) ts solved 
numer ica l ly  and the r e su l t s  a re  given in Fig. 3. In this solution the d imen-  
s ionless  coordinate has the following form:  

~ -~ 2 (02 . 

The third flow is descr ibed  bv the equation of d ischarge  through the 
appara tus  

Q~ = "fiFWax. (11) 

Thus the veloci ty fields in the vortex type appara tus  become known af te r  a summation of the three  in- 
vest igated flows. It  should be noted that these solutions a re  obtained for  an infinite extent  of the solid base  
over  which the rotat ion of the viscous fluid occurs  and for  a rota t ing disc of infinite radius .  

These solutions will be valid for  the investigated conditions in the r ea l  appara tus ,  if the radius  of the 
appara tus  is large compared  to the thickness of the l aye r  entra ined by the disc.  

It  has been exper imenta l ly  es tabl ished by the authors  that the ra t io  of the th ickness  of the entra ined 
l aye r  to the radius  of the appara tus  is about 1 : 20. 

For such a ra t io  the e r r o r  of the solution does not exceed the accu racy  at t r ibuted to engineer ing 
computations and the solution can be used in the computation of the appara tus .  

Finally, we turn pa r t i cu la r  attention to the fact  that the addition of the veloci ty f ields,  two of which 
are  descr ibed  by nonlinear different ia l  equations,  is not justified. This is pe rhaps  the mos t  vulnerable 
point in the solution of the formula ted  p rob lem.  

At p re sen t  the sa t i s fac to ry  ag reemen t  between the computed and exper imenta l ly  measu red  values of 
the velocit ies in the operat ing cavity of the appara tus  pe rmi t s  the expectat ion that the nonlinear effects  a re  
smal l  and effects  that would apprec iably  deform the actual  flow a re  not detected. 

In analyzing the solutions obtained we should f i r s t  note the p r e s e n c e  of radia l  veloci t ies  which a r e  
espec ia l ly  significant in the p resence  of a s trong vor tex  column. Radial  flows to the center  a re  highly un-  
des i rab le ,  since they would c a r r y  the dust f rom the dust- laden pe r iphe ra l  l aye r s  to the center  where the 
centrifugal  fo rces  a re  small .  This phenomenon substant ia l ly  impa i r s  the eff ic iency of the dust catching 
appara tus .  The f i r s t  and the second solutions can be joined if radia l  flows of the gas  toward the center  a r e  
el iminated.  F u r t h e r m o r e ,  the flow {lear the solid disc has an axial  component of the velocity,  which is 
d i rec ted  opposite to the main flow; this helps to increase  the stay of the gas in the appara tus .  It  is quite 
obvious that the second flow must  be the prevai l ing flow, since it has a posi t ive effect  f rom all points of 
view. This is fa r  f rom a t r iv ia l  conclusion, which follows f rom the theory in the solution of the p rob lem of 
redis t r ibut ion of the expended energy  between the p r i m a r y  and the secondary  gas flows. 

We wri te  down the equation of motion of the dust pa r t i c les  with reduced d iamete r  d and m a s s  m. We 
shall  a s sume  that the forces  act ing on a dust par t ic le  in the plane normal  to the a x i s y m m e t r i c  flow in the 
appara tus  a r e  iner t ia l ,  centr ifugal  fo rces ,  the fo rces  due to p r e s s u r e ,  and ae rodynamic  fr ic t ional  fo rces .  
We also a s sume  that the ae rodynamic  fr ic t ional  forces  can be r ep re sen ted  by Stoke 's  formula ,  where as 
veloci ty we must  use the a lgebra ic  sum of the radia l  veloci t ies  of the gas  flow and the veloci ty of migra t ion 
of the dust under the action of all external  forces .  The equation has the fo rm 

2 1 dP  
m dw~ = m w - !  - - m  - -  - -  - -  3~dlx (w,. - - w ~ ) ,  (12) 

dt r p dr 

L 

w~ = T ki (rcol6~ + to)zOo) di,  
o 

(la) 

L 

1 ~ (rohFl + rc%F,) d~, 
W R ~  T 

o 

(14) 
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We substitute the values of the quantit ies occur r ing  in Eq. (12) f rom (13), (14), and (15), and solve the 
resul t ing differential  equation for zero boundary conditions: 

where 

B 
w r = -~ (l__e-m), (16) 

1 
A=3.~d ~---," m = - -  np~d a, 

m 6 
L L 

1 - -  m B ~  ~-  f" [(01(V-,,(01P~ @ Vv2(0zP2)+3r~d ~-- (r(01F1 +r(02F2)] d~+ r [  1 t" (k1~1 G1-t-(02G~) d~ l S. 
0 0 

The t ime of stay of the dust in the apparatus,  requi red  for covering the distance f rom the axis to the 
wail, will be 

t - -  D - - D c o k  2 (17) 
2wr 

The washer  at the exit increases  the catching efficiency; as a resu l t  the path to the per iphery  is r e -  
duced and becomes smal le r  than the radius of the apparatus.  At the same time it has been establ ished ex-  
per imenta l ly  that this path is l a rge r  than the path bounded by the radius of the washer .  

For the presen t  it is not possible to determine theore t ica l ly  the actual effective distance of t r ans fe r  
of the dust to the wall of the apparatus and the improvement  of the operat ion of the apparatus with the use 
of the washer  must  be regarded  as an additional way of increasing the eff ic iency of the apparatus.  

Substituting (17) into (16) we obtain 

w r = - ~  1--exp - -A  D--Dcok~. . 
2w2 

In o rde r  that the t ime segment be posit ive,  which is n ece s sa ry  for the displacement  of the dust to the 
per iphery ,  the following relat ion must  hold: 

L L (19) 
~ L ; 

/ =  Wax 4(Qt+Q2) 1 r 
3 
0 

the left  sides of Eqs.  (17) and (19) must  be identical. Hence 

D - -  Dco ks _ L (20) 
L 

2w, 4 (Q1 -~ Q2) -t- 1 

u 

Formula  (20) re la tes  the main constructional  quantities of the apparatus with the pa rame te r s  charac te r iz ing  
the reg imes  of its operation.  

The angular  momentum of the rotating jet  of the p r im a ry  gas flow in the f i r s t  flow is equal to the 
angular momentum introduced into the apparatus by the jet  of the secondary  gas: 

Q2 Wmax D COS ~z Q1 D~ - -  (01  . ( 2 1 )  
g g 4 

Hence 

4Q~Ir/max cos 
(01 -~- 

Q~D 

Formula (21) has been writ ten without considering the in ter layer  fr ict ion of the gas of the main flow, but 
fr ict ion is taken into considerat ion by the express ion  determining Wma x in accordance with (6): 

(22) 
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0.343 
Wm"~ = We ax  + 0.145 

De 

e = kak5  [ / /  2g W --}- a G ,  

L 
x =  ; a=0.017.  

sincz 

.), (23) 

(24) 

(25) 

Substituting (23), (24), (25) into (22)we obtain 

0 , 3 4 3  - 

% = De " (26) 
Q1D -" 

The twist  in the tube conducting the dust- laden gas can be de te rmined  f rom (7) with the aid of the ex-  
p re s s ions  

2 V 2g COp = -  cos ~ - -  H k6, (27) 
Dp y 

Dg 2Dp 1 / '  2g (28) 
% = % ~ -  = ~ cos ~k8 V - - / / '  ,/ 

Pass ing  on to the  es t ima te  of the eff iciency of the vor tex type duct catching appara tus ,  we suppose that 
the degree  of cleaning in the appara tus  is d i rec t ly  propor t iona l  to the momentum of all  ex terna l  fo rces  a c t -  
ing on the dust. Mathemat ical ly  this can be exp re s sed  in the following way: 

~le----k Z Fit. (29) 
i ~ l  

Since the momentum of the forces  acting on the dust  depends on the d i ame te r  of the dust par t ic le  and 
its m a s s ,  we can talk of the f ract ional  eff iciency only, and that is what (29) e x p r e s s e s .  

Making use of fo rmulas  (12) and (17) and substituting (18) and (23)-(28) into them we obtain an e x p r e s -  
sion in the mos t  general  fo rm,  making it poss ible  to de te rmine  numer ica l ly  the f rac t ional  (and la te r  a lso  the 
total) eff ic iency of the vortex type dust catching appara tus  whose construct ion and operat ing reg ime a re  
known: 

L 

~le = k B -i2 ~d3p~D (GlCOl -t- G2%) d~ 
2 --- (1--e -m) o 

A 
L L 

1 ndap_l{" c%(V~apl_?V,%%p2)d~_.31~nd (1--e -At ) +3~nd - ~  (Flco~+F,co~)d~ . (30) 
6 L d " �9 ~ 

o o 

Analyzing the composit ion of the physical  quantit ies occurr ing  in (30) we note that they can be divided 
into two groups:  bas ic  and specified. Among the bas ic  p a r a m e t e r s  a re :  the d ischarge  of the cleaned gas 
Q1, the phys icochemica l  p rope r t i e s  of the gas and dust ui, v2, y ,  p, Pn, /~, d ispers ion  composit ion of the 
gas  d e. Bes ides ,  the a p r i o r i  requi red  eff iciency of cIeaning ~ is known to us f rom the conditions of s a t i s -  
fying san i ta ry  norms .  Exper iments  conducted by the authors  have shown that some construct ional  cha rac -  
t e r i s t i c s  of individual e lements  of the appara tus  must  sa t is fy  the following re la t ions:  

Dp = (0.85--0.9) D; Dco = (0.45--0.5) D; 

D w=0.45D; L = ( 3 - - 4 )  D. 

In o rde r  to reduce the computational  work it is fur ther  n e c e s s a r y  to specify the initial d iamete r  of 
the appara tus  D and its final value is ref ined in the p r o c e s s  of the computation.  

The remain ing  five p a r a m e t e r s  Q2, H, APe, a ,  and 3 a r e  de te rmined  f rom the sys tem of five equa-  
tions (20), (26), (28), and 

0n =0, (31) 
O AP e 

~ (~) = CO2F2 (~2)" (32) 
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The fulfillment of condition (31) enables one to choose a combination of pa ramete r s  determining the 
feed of the secondary flow for minimum energy expenditure. Equation (32) guarantees the absence of 
radial velocities of the gas directed to the center of the apparatus.  Finally, it is recommended that the 
pa ramete r s  be chosen in the following ranges:  k = 1-1.12.  107; k 1 = 0.61-0.65; k 2 = 0.2-0.16; k 3 = 0.60- 
0.64; k 4 = 0.89-0.9; k 5 = 0.8-0.89; k 6 = 0.9-0.92; v 1 = 3.1- 10 ~ v; P2 = 4.2 �9 108 v. 

Quantities such as the discharge of the cleaned gas and the possible p res su re  drop in the vortex 
genera tor  are  related to the charac te r i s t i c  of the ventilator Q1 = f(H) and the computations must be car r ied  
out aimed at the existing means of draft  blowing. On the one hand this r e s t r i c t s  the set of typical d imen-  
sions of the apparatus,  which can be constructed and introduced into the industry; on the other hand, the 
presence  of the dependence Q1 = f(tt) gives an additional condition substantially simplifying the computation 
of the apparatus.  
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N O T A T I O N  

are the project ions of the velocity on the coordinate axes; 
~s the p res su re  in the operating space of the apparatus; 
Ls the radius of the apparatus;  
Ls the mass density of the gas; 
~s the kinematic viscosi ty  of the gas; 
~s the absolute temperature;  
Ls the coefficient of thermal  conductivity; 
~s the accelerat ion due to gravity;  
is the specific heat; 
~s the p re s su re  drop in the vortex generator;  
LS the discharge of the gas in te rms  of weight; 
Ls the diameter  of dust particle; 
Ls the mass of dust part icle;  
LS the dynamic viscosi ty  of the gas; 
LS the angular velocity; 
US the area;  
ts the radial  component of the velocity of gas; 
ts the tangential component of the velocity of gas; 
Ls the radial  component of the velocity of dust; 
ts the time; 
Is the diameter  of the apparatus;  
~s the d iameter  of the cowl; 
Ls the axial velocity in the apparatus; 
Is the maximum velocity of gas flow at the ejector;  
LS the d iameter  of the ejector;  
ts the diameter  of the washer;  
Ls the angle of inclination of the ejector;  
ts the angle of the vanes of the vortex generator ;  
is the p res su re  drop in the ejector;  
LS the diameter  of the pipe; 
is the length of the apparatus;  
is the coefficient of proport ional i ty  between the efficiency and the momentum of the forces;  
,s the coefficient of per ipheral  velocities; 
LS the coefficient of r ecove ry  of dust due to the cowl; 
is the coefficient of friction of the jet against  the wall; 
ts the loss coefficient in outflow of gas f rom the ejector;  
LS the nonuniformity factor  of the velocity field beyond the ejector;  
LS the friction coefficient in the vane swir ler .  

1~ 
2. 
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